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5TJMK&BY 

This report discusses certain analyses and conden- 
sations of the test results obtained in the extensive 
series of systematic experiments on the porpoising cbar- 
teristics of flying "boats reported in ref-^renc.^ 1. The 
work is believed to simplify application of the test re- 
sults to practical design problems and to aid in clarify- 
in^ basic concepts regarding ^orDoisin^. 

The experiments wer- carried out according to strict 
system and considerable attention was given, in ref^r*nca 
1, to presenting the results in a form which would Provide 
as clear a visual ijnpr*s«ion as possible of the influence 
and relative importance of the different variables. The 
radiating chart of variables in figure 1 and the condensed 
summary charts of test results in figures 2 and 3 are taken 
from reference 1 and furnish the general background for the 
analyses here considered. 

It is concluded in this report that: 

1 ~ ^Jl T • SiYL e B. ^.lA *pr m under v^rioiis combinations 
Of loading and a er odynam ice o ad it i o n s 

(a) The stability limits are determined 

(1) Primarily by the net water-borne load 

in steady motion L 

(2) Secondarily by the tail damping rat^ 

M q (sec. 3) 

This means a reduction in the number of vari- 
ables which have to be considered from the 
total of twelve covered by the experiments 



(in groups I aad II) to only two* She 
separate effects of gross lead A Q , wing 
lift at arbitrary urini angle Zo , and 
t at e of c han g e of I ii t w i th tr im Z g ar o 
concentrated into the all— indus ive vari- 
able net '-/ator-oome load A; the tailing 
damping rate Uq is the only other ccn- 
tr oiling variable, 

(o) Iho curve a of stability Units are satis- 
factorily expressed as 

(1) ^unet J ona of the dlmens ionJLe^ss crite- 
rion ./C^/ C\r , vhich relates net wator— 
c or nc load i<? i t h spo r d 

(2) With th'; dimeusionless criterion for 
tail da&ping Cvhcra p w 

is v:ator density), ar> a parameter 
(sec 3. 4 and 5, chart in figt 6 ) . 



One advantago of stressing the Units in 
t hi;? riia-: ;ir r is that tho porpoising ctarac- 
teri^tios of t&S hulls of dif f'Sre'fit fly- 
ing b o&ts can he p omp ar e d directly, with- 
out r o ^<-,r d to differences in t ho aerodynamic 
structures « Anc t her , and perhaps mere il- 
por t ?nt , advantage is that tho staMlit^ 
data are readily availaolo for v. go in the 
pr o li?Tiinary design s tage , t o deduce the hy— 
dr o dynamic performance of proposed chips 
with various afer o dynamics structures, or 
even before the aerodynamic structure has 
heon c :-ns idor ed in detail, 

lor mod if i Nations of thg. afterbody; derived fron 
the sane, parent , under iiivon loading and ieor^- 
iZil£^ic conditions 

(a) She upper stability limit and the peak of 
the lover stability limit (at moderate 
speeds) are raised or lowered if the modi- 
fication raises or lovers the stern— post 
angle, and in substantially equal amount 
(sec. 10, chart in fig* 10). 
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("b) The lower lim:t at high speeds is not 
affected (chart in fig. 9)- 

(c) The hump trim follows the changes in 
stern-post angle in the same way qs the 
limit curves in (a), and the hump re- 
sistance is primarily a function of the 
hump trim (sec. iU > chart in fig. 15 ). 

(d) The effectiveness of the ventilation of 
the main step determines the presence or 
absence of uDrer-limit porpoising at hi.p-h 
speeds, more effective ventilation su*Dpres- 
sing this type of porpoising (sec. 1^). 



These conclusions are "based uron g consideration of 
those variables on tile radiating chart on figure 1 which 
«re not covered "by cross-hatching. The remaining variables 
have not yet "been considered, and the cros =-h^t ching has 
"been added to the chart to make this clear. It is "believed 
that the remaining variables can "be treated in a generally 
similar way to those considered at this time, "but feiie work 
to date is being presented without waiting for further 
analyses "because it s c ems of sufficient intere-t in itself. 



By considering the analyses so $mr c enrol at ed by 
som^ extent anticipating future analyses of variables not 
yet completed, it seems cle^.r that when the stability 
limits ars expressed as functions of 7 C*/Ctr with 

_ constant . 

V — w _. b 

g 



(l) The positions of the upner stability limit and 
of the peak of the lower stability limit are 
governed primarily by 

(a) The stern-post angle (the ar.gle between a 
tangent to the forebody keel at the step 
and a line joining the tip of the steio with 
the tip of the stern post) 

(b) The pnwer (i.e. f dynamic lift) of the second 
step (as influenced by the plan area in the 
vicinity of the stern post, the genera] angle 
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of attack of this area with respect to 
the line joining the tip of the stern 
post With the tip of the main step, chine 
flare , etc.) 

i2) The position cf the lover stability limit at 
high speeds is governed primarily "by 

(a) The dead rise and the effective warping 
of the forebody "bottom, and probably also 
the curvature of the forebody "buttocks 

(o) Suppression of upper— 1 imit porpoising at high 
speeds is governed primarily by 

(a) The effectiveness of the ventilation of 
the afterbody bottom in the vicinity of 
the main step 

Of the foregoing, l(b) and 2(a), while based on the test 
data reported in reference 1, are net analyz3d in this 
report • 

These broad conclusions constitute a powerful tool 
for clarifying porpoising phenomena, even though they may 
not be found strictly applicable, in their entirety, to all 
cases. The main concepts are brought out rapidly in the 
f oil owing diagram: 




Diagr aiHuiat i 



Ellustr 3t ion of Tentative ^road Conclusion* 
regarding Porpois ing 
showir.f; 

the stability 1 in its in n onuimens i onal foru 
and t he r e g i 0 n p i nf lue n c a d 
by t he f or e b 0 dy 
by the afterbody 
by vent 11 at i 0.1 



5 



In this figure , tho closed curve surrounding the 
lower lira it indicates the area within wnich changes to 
the f orebody are effective in altering the position of 
the lover limit of stability, Similarly, the closed 
curve surrounding the upper limit and peak* of the lover 
limit indicates the area in which changes to the after- 
body are effective. Litewise, the line around the right- 
hand end of the upper limit indicates tho area within 
which step ventilation is effective, 



The systematic experiments considered in reference 1 
radiated from a given flying "boat taken as a "basic point 
of departure* Sach of a number of variables was altered, 
separately from the others, over a range of values embrac- 
ing the normal value for the flying boat and intended to 
be wide enough to cover all values likely to be encountered 
in practice, She advantage of this procedure is that it 
materially simplifies the problem of coordinating test re- 
sults. It enables the effect to be estimated of making 
corresponding changos in designs other than that of the 
reference flying boat in the majority of cases. 

The variables fall naturally into the following groups 



The reference flying boat used in the experiments 
was the XP52M— 1, a modern design having, for a gross 
weight of 140,000 pounds, a wing loading &o/S °^ 38*0 
pounds. per square foot an£ a beam loading A 0 /wb 3 of 0.89. 
The dimensions and particulars considered as normal are 
given in table I 3 

The present discussions consider the variables of 
groups I and II and some of the variables of group IIIA. 
All conclusions and generalizations are based upon the 
ranges of change of the variables covered in the experi- 
ments. Had the changes been extended ad absurdum, some 
of the conclusions would undoubtedly have been altered. 



INTE0DTJCTI0H 



Group I 
Gr oup 1 1 
Group III 



Weight and Inertia Loading 
Aer odynai^ic C ondit i ons 
Hull Form 



Group IIIA 
Group 1 1 IF 
Group IIIH 



Afterbody F or m . 

3? or ob ody F or m 

Hull Form (as a whole) 
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This investigation, conducted at tho Stevens Insti- 
tute of Technology, was sponsored by, and conducted w it h 
financial assistance from the National Advisory Committee 
for Aeronautics. 



DISCU3SIQE 
Group I Group II 

Weight and Inertia Loading Aor odynami c Conditions 



1. These two groups include all of the variables respon- 
sible for forces or moments acting on tho hull other than 
hydr o dynamic. 0 

The variables of froup I are obvious at once; those 
of -rroup II are scarcely less obvious, thanks to tho 
relatively simple c ont igur a t i on of the airplane 0 Thus it 
can be said with some assuranco that the list given on 
the radiating chart in figure 1 includes all of the vari- 
ables in these two groups vhich affect forces md moments 
applied to the hull, both in steady motion and in porpois- 
ing. 

The nass in vertical oscillation is an additional 
variable which , like the aerodynamic component of Z w 
and one or two other of the aerodynamic derivatives, can 
he made independent (in this case, independent of gr OSS 
weight) in the model hut not in the ship. Though not 
considered directly in tho experiments, it was considered 
indirectly as explained in the next section c 

Tho symbols on the radiating chart indicate the vari- 
ables in these groups which are found to have: 

Three open circles — no effect on s tead.y— mot i on re- 
sist an c e , as determined by in- 
spection 

Three blacked circles - very little or no effect on the 

stability limits as shown by the 
experiments. (See figs. 2 and Srf) 

It v;ill be seen that, of the twelve variables necessarily 
considered at the start, six can be rulnd out immediately 
as having no important effect on either resistance or 
pcrpois ing. 
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2. Regarding the six remaining variables, it is apparent 
that 

(!) A , Z , and Zq , in combination, ft* a net force 
which 0 is , in fact, the net water-borne load 
in steady motion A 

(2) The center of gravity position and M Q , in com- 
bination, fix a net moment which determines the 
trim angle in steady motion T 

(?) M u determines, by itnelf, the tail damping 
momenta in porpoising motion 

These combinations strongly suggest that, instead of six, 
the controlling variables are really three; namely, 

(1) Hot water-borne load A affecting resistance 
and pOrp ois I ng 

(2) Net moment. H affecting resistance and por- 
poising 

(3) Tail damping rate affecting porpoising 
only, not resistance 

iJow it is known to 1 egin with, of course, that the steady- 
motion resistance is controlled by the first two of these 
as indicated and that H 0 affects porpoising. Evidence 
that, with Hq fixed, the first two control porpoising 
is supplied 

(l) By the upper charts (a) in figure 4, where 
it is seen that the upper and lower por- 
poising limits obtained in the separate^ 
experiments for altered values of A Q> Z 0 , 
and Z@ , respectively, can be expressed 
as unique functions of the net water-borne^ 
load A, with discrepancies of less than 1 . 

It may be noted hero, though it bears mainly 
on the discussion of the preceding section, 
that whon A is altorod by changing A 0 the 
mass in vertical oscillation is affected in 
direct proportion but that when A is -.Itcred 
by changing Z 0 or Z e the mass is unaffected. 
Hence, a demonstration that A is the con- 
trolling variable, whether the mass is varied 
or not , is in effect a demonstration that the 
mass in vertical oscillation does not affect 
pcrpois ing. 
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(2) By tho more comprehensive charts of the 
sar;.e sort in figures 5 and 6 die cussed 
in section 4 0 

The lover charts (b ) in figure 4 show that the shifts 
in the siosae.iit curves obtained in the separate experiments 
for altered center— of —gravity locations correspond to the 
product of the center—of —gravity shift times the net water 
load, as would lie expected; thus th$ not moment M is 
t he c on t r oil in g v ar i afc 1 e 0 

3 . In practice, r e >s i s t anoe is usually given as a function 
of trim, load, and speed, and porpoising liuits are fre- 
quently expressed in terms of trim and spend — in "both 
cases without special regard to the availab ility of the 
moments ro Quired to produce tho stated trims. In other 
words | moment i s not ordinarily treated as an independent 
variable , trim being subst ituted arbitrarily as a parameter . 
This substitution of trim f or moment is discussed in more 
detail in the appendix. By making the substitution, and by 
restating the concept s of the preceding section, it may be 
said that 

(l) The re sis t ance character is t ics are a function 
o f t r 1 ia , load, an d b p © e d » 

(z) Tho orpoigiag character i st ics are primarily 
functions of load and speed , a nd secondarily 
functions of the t ai 1~ eLaiapjL&g rate, 

The controlling variables are then reduced to tv/o. further- 
more, tho tail— damping rate affects primarily the lover 
p '--poising limit at nigh speeds (see fi : <:., 2) and is clearly 
of loss importance than tho not v/ater — cor no load. 

4, A further s impl if i cat i on in the s tatosae? nt of the per — 
p 0 i s i It g char a c ber i s t i c s is e f f e c i e d |rh e n t he s t ab i 1 i t y 
limits are plotted against A/V^ , instead of L and 
speed is thereby eli^inat^-d as a separate consideration. 
This is shown in tho char e in f iguro 5, which includes 
tho data from the upper charts (a) in f i ;oir o 4 and addi- 
tional data f or other speeds. Two scales of abscissas are 
••••ive vi a/y^ and tho corresponding n 0 r- d i .-::e n sion a 1 criterion 
C A /0 7 - [ i (lift coeff ic } ent , A/V* P v /2 

An alternate, and s o.ao v:hab pr :^f rrable , f cm of plotting 
for iMs chart is shown in iiyure G. Eore the abscissas 
are \To^/ Cy instead of %/<t^ s and the scale is reversed. 
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In this form the curves look more familiar and they 
are less distorted. 

The came simplification has "been applied in the past 
with reasonable success to resistance data for the plan- 
ing range (see references 2 and its success for por- 
poising data is not, therefore, very surprising. 3? or 
need the fact that it has never been widely used in deal- 
ing with resistance data necessarily influence its adop- 
tion for porpoising data; the high precision reouired 
for resistance information is not ordinaril;/ needed for 
stability limits. Its use reduces the statement of por- 
poising char act er is t i c s to a dingle chart with Mq as 
a par ar.et er . 

The extent of the speed ranges over which porpoising 
occurs under various conditions, and particularly the 
presence or absence oi upper— limit porpoising at high 
speeds, are not indicated by such charts. These are dis- 
cussed in section 13. 

5. The t ail^damping derivative Mq is directly pro- 
portional to speed. Hence, a* statement of the proportion- 
ality factor Mq /V is sufficient to define values for all 
speeds. When divided hy o w /2 "b 4 (p for wat er ) , this 

factor is made nond iraens i on al £ the expression 

2 

is therefore a suitable criterion with which to express 
the tail— damp ing rates for a given design, at all speeds 
and sizes. Its value is 0*249 for the experiments in 
question. 

6. In summation it appears that the porpoising character- 
istics, of a given hull can "be expressed (with the reserva- 
tion* noted af the end of sec. 4)by a single chart with 

a single parameter . The inherent porpoijin-j character- 
istics, which fix the shapes and positions of the lira it 
curves on this chart for a given value of the. parameter, 
must then depend on hull form only. 



C-r oup III 
hull ?orm 

7. The choice of variables for systematic studies of hull 
form is by no means s t r aight f or T *ar d . The hydr o dynaB i c com*- 
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ponents of such quantities as Zq, , and so forth, axe 
not clearly related to geometric configurations and sizes 
of specific elements of the hull form in the Simple fash- 
ion that the aerodynamic components are clearly related 
to geometric configurations and sizes of specific elements 
of the airplane, Hull form must therefore "be dealt with 
as such. 

The ends sought are easily stated l 

( a ) Tore du c e hump and h i gh— speed resistance 

(b) To eliminate porpoising or, failing this, 
to widen the ranee of stable trim angles 

It is desirable to improve both characteristics, and 
improvement of one at the expense of the other will not 
usually "be very helpful. 

It will he understood that with any hull form it is 
necessary to locate the center of gravity so that the 
hump resistance is reasonable, and so that the available 
trim trades are within the stability limits at planing 
spe e&s , 

8 t In the exper iment s (reference l) the choice of vari- 
ables v:as governed by the underlying concept that the 
forebody and afterbody are separate parts of the hull 
serving different purposes and that in consequence each 
should be altered independently of the cthor. 

This concept was suggest id by the comparison shown 
in figure 7, "between the characteristics of the complete 
hull and those of the forebody alone (under otherwise 
identical conditions). This comparison was worked out 
before the list of hull modifications was decided upon; 
as explained in reference 1, it reveals in particular 

(a) That the afterbody is useful only in the lower 
half of the speed range to take— off an ci o li a "c 
its presence at higher speeds is entirely 
dotr i:^ent al ; that 

At r e s t and at disp 1 a c em ent S p o e d s , it pr c~ 
v ides f 1 o t at io n 

At moderate speeds up to the hu&$ , it con- 
trols t r im and r e s i 6 1 anc e and pr even t s 
low or — 1 imit porpo is ing 
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At high (planing) speeds s it is the direct 
cause of upper— 1 imit porpoising and some— 
what increased resistances 

(b) That the i oretody is entirely s elf — suf f i c i ent 
at planing speeds and needs no help from the 
aft er body 

These indications suggest clearly 

(a) That the I' or e body is the main hull — essentially 
a s topless, V— "bottom 5 planing "boat with the cen- 
ter of gravity very far aft 

(b) That the afterbody is an appendage, the function 
of v/hich is to control trio (by providing nosing— 
dovn moment) until true planing of the main hull 
is establish od 

Group III is accordingly divided into three subgroups 

Group I I I A Afterbody Form 

Group I I IF Forebody Form 

Group I I IS Eull Form (as a whole) 

The first two of these are of more interest for present 
purposes than the third and, as explained previously, 
only a part of the first is dealt with in this report. 

Group IIIA 
Afterbody Form 

9. When a given set of vertical transverse sections (that 
is, a given body plan) is used to produce a series of hull 
forms differing in some consistent fashion in their pro- 
portions, the resulting forms are said to spring from the 
same parent form. It is only when * regardless of propor- 
tions, the shape of one or more sections is altered with 
respect to the others that the parent form is said to have 
been altered. 

It is in accordance with these ideas to refer to the 
following variables of group IIIA as involving no changes 
of parent form: 
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Afterbody angle 1 for changing which, the Same 
Step height r after "body was used in the c:c— 

J periments 

Aft or "body length for changing v/hich, tho after- 
body station spacing was uni- 
formly alt er ed 

The present discussion is limited to i:hoso variables with 
some reference to the experiments with the forebody alouo, 

lC a Figure 8 shov/s the porpo is ing limits for tho above- 
mentioned variables* Tho lower—limit curve for the 
forebody alone is added to these charts for reference, 

T j gur e 9 shows the same limits replottcd against 
yd^/Of reversed (after tho manner of fig* 6). 

2?igtire 10 show s _a_s econd replottiiig, in which the 
reversed scale of -/C^/Cy is retained for the abscissas 

but trie limits are referred to absolute stern— post trim 
instead of forebody trim. By arbitrary dofir.it ion, 
( absolute stern— post tri*0 = (absolute forebody trim) — 
(stern-post angle). This definition is illustrated by 
a sketch on the chart* 

E of erring to tho three charts (figs. 6 to 1C) it 
will be seen that 

(l) Eho lower limit at high speeds is not affected 
by -alterations to any of the three variables 
considered. This might be expected from the 
fact that even tfo extreme a change as remov- 
ing the afterbody entirely (see fig. ?) had 
practically no effect. 

(?) The n br oak— avay" of the lo-'or-limit r.urve from 
tho basic curve for the forebody el One and the 
position of the upper— limit curve are functions 
of the stern— post angle primarily. 

V; ith respect to the second of these generalizations, fig** 
ur c 10 shovrs in particular that 

She peaks of tho hr oai^-aways of tho lover— limit 
curves con be reasonably, well represented by an 
envelope curve, which isolates the effect of tho 
af t or body on 1 ov; cr-1 im it per p o i s ing 



The individual points for the upper— limit do 
not scatter more from the mean carve than the 
points in figure 6, the mean curves on these 
two char t s "being consistent with each other, 

ITijOire 10 may he regarded as providing a further 
simplification (following fig. 6) in the statement of 
porpoisiltg characteristics. By eliminating differences 
directly attributable to differences of stern— post angle f 
it clarifies one more variable in the analysis of por— 
poisiag characteristics* Like figure 4, however, it fails 
to talce into account differences in the ranges of speed 
( cr of yC^/Cv) over which upper-limit porpoising occurs 
under various condition?. It fixes the position of the 
upper— limit curve hut not the extent. The latter is con- 
sidered further in section IS* 

lis It is clear from the discussion of the preceding 
section that the limit curves in figure 10 are substan- 
tially independent of the foreoody trim. It is seen, too, 
that the total range of I tern— post trims embraced by the 
two limit curves is quite small (of the order of 4°). 
These observations suggest strongly that the wake, or 
trough | left by the forohody jnuct "be substantially in- 
dependent of the forebody trim and relatively flat at 
all planing speeds. 

12. The photographs (fi^s. 11 to 13) were taken in an 
attempt to throw further light on the nature of the flow 
patterns in the vicinity of the porpoising limits. Three 
regions arc shorn, in separate figures: 

Lower limit at peak of break— away (fig* 11 ) 
Upper limit at mod or ate planing speeds (fig, 12) 
Upper limit at high planing speeds (fig. 13) 

Each region is illustrated by three cases: 

Afterhody angle, 12° 
Af t or body an f : :l e , 7 0 
Afterhody ar^lc, 4f° 

and each case has throe photographs for trim angles cover- 
ing a range of 2° in the vicinity of the porpoising limit 
under cons iderat ion. 

'Ihese phot o g£ aphs should he viewed as a first attempt 
to illustrate the flow patterns. They indicate, however, 
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(1) Regarding lover-limit porpoising (fig* 11; - 
that this type of porpoising is suppressed 
when, with increasing trim angle, the tip of 
the afterbody first makes contact wltl the 
water surface (this indication "being amply 
confirmed by visual observations of the model 
iuT lag tests) , Since this occurs v/ith stern— 
post depressions of the order of 1° to 3°, 

it is evident that the forebody wake is de- 
pressed in about the same amount at the values 
of </0a / Oy in question, 

[ 2) Regarding upper-limit porpoising (figs. 12 and 
13) - that this type of porpoising develops 
when, With ail increase of trim of the order 

of 1° to 3° "beyond that required to suppress 
lover— limit porpoising, a large portion of the 
afterbody bottom becomes wetted, This wetting 
and the fact that it is followed, when the trim 
is further increased by about 1°, by the fore- 
body coming clear, so that only the tip of 
the afterbody remains in contact with the water 
surface, seems to go far toward explaining' the 
mechanism of upper— limit porpoising* Evidently 
the wetting of the afterbody introduces forces 
(and moments) which result in the forebody 
jumping clear and this in turn breaks up the 
situation which caused the afterbody wetting. 

The photographs in figure 14 were taken to illustrate 
thx? similarity of the flow patterns at fixed values of 

V*cT/C*r obtained with different cochin at ions of and Cy . 

As such., they properly belong with the discussion of section 
4 rather than here. They are of interest in connection with 
the present discussion t however, because they indicate that 
J'Qa/CY is a very exact criterion of flow similarity when 

other things are equal, and they therefore provide a back- 
ground for saying that very small differences observed in 
the other photographs — where other things are not equal — 
may bo significant* 

IS* It has been noted, in sections 4 and 10, tha.t the 
extent of the speed range over which upper— 1 1m it porpoising 
occurs is not necessarily shown in condensations of test 
data upon the base '/o^/Cy. This speed range or, more 
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especially, the range of high speeds over which upper- 
limit porpoising is a*bscnt , has considerable practical 
importance. The absence of upper— limit porpoising is 
obviously desirable in itself , and there is a possibil- 
ity (now under investigation) that its presence or ab- 
sence is associated with undesirable or desirable, re- 
spect iv cly , land in g characteristics. 

Reference to figures 8 and 9 indicates;: 

(1) 2hat , if tho upp ^r-1 In i t curve stops short of 
take— off, it tcnln to stop at more nearly a 
constant value of -/C^/Cy (roughly 0.09) 
than a constant value of speed 

(2) That the upper-1 in it curve stops short of take- 
off when 

(a) The stern-post angle is increased above 
the normal value of 8° 

(b) She stop height it increased above the 
normal value of 6 percent of the beam 

(c) In spito of a very lew step height (l per- 
cent), & subot ant ial passage is provided 
to allow air to reach the rear of the 

s t cp 

How it will be seen that, in all throe of the cases listed 
under (2) t there has boon an increase in the amount of 
step ront ilat ion , this term being used broadly, to include 
any means by which a supply of air to the step can "be ac- 
complished and not merely the provis : on of air ducts. The 
inference is obvious that the avoidance of high— speed upper- 
limit porpoising depends directly on the provision of suffi- 
cient Vq&t ilat ion« This inference, f ur thorn- or e , appears 
to bo entirely consistent pith the point of view developed 
in section 12 that the wotting of a large portion of tho 
afterbody bottom marks the beginning of upper— limit por— 
poisin..;, for general wetting of tho afterbody bottom is 
probably associated olosoly.. with .the effectiveness of step 
vent ilat ion. 

14. Figure 15 is a chart of fflaxiinttJa hump resistance 
plotted against jiiaximuci hur.ip tarim« Talipes are for 
tho true hump (in the vicinity of 10 ft/ sec model 
speed) and not for tho ventilation hump (in the vi- 
cinity of 8 ft/sec). Data are included for one or two 
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variables in addition to those listed in section 9 in 
order to emphasize that it is the hump fcriia itself, 
rather than the exact means taken to get it, which con- 
trols the hump resistance. The excess of the total re- 
sistance over the value of A tan (t + 2°) is seen to he 
roughly constant for high trims hut to increase rapidly 
with low trims go that the total resistance is a minimum 
at around 5|° trim« 

The arrows on the chart indicate the difference ■ 
between the maximum hump trie: and the maximum trim on the 
curve of 1 ov. er-1 in i t porpoising (which usually occurs at 
much the sane speed)* The hump trim exceeds the lower 
por-poising limit to a moderate extent except when the 
hump trim is very low. 

CONCLUS IOHS 



The principal conclusions to be drawn have already 
been stated in the Summary of the report. 

Particular attention is called to the three charts: 

figure 5 — Which shows that, for a giVen hull under 
various combination* of loading and aerodynamic con- 
ditions, the stability limits may he exprepj^ed as 
functions of the dim cms ionless criterion VC^/Cy 

w i t h — a s a p ar am e t e r . 

w Pw . ^ 
V — 0 

2 

Figure 10 - which shows that, for modifications of 
the afteroody derived from thy same parent, under 
given loading and aerodynamic conditions, the upper 
stability limit and the peak of the lover staoility 
limit are raised or lowered as the stern— post angle 
is raised or lowered, and in like amount. 

?i.;ure 15 — which shows that the hump resistance is 

a diroct function of the hump trim, the latter in turn 

following changes of the stern-post angle. 

Experimental Towing Tank, 

Stevens Institute of Technology, 

Hohohen, IT. J., July 10, 1943. 
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APPEND IX 



While not strictly a part of the present thesis, 
a brief discussion of the suhf t ifrui lm of trim for moment 
as a criterion in the statements of resistance and por- 
poising characteristics may he useful. 

Moment is, in fact, an independent variable and 
failure to consider it as such dees not dispose of it. 
There can ho little advantage in knowing hest trims (with 
respect to either resistance or porpoising) without know- 
ing whither they can ho obtained. The general lack of 
emphasis on moment is perhaps explained in part by the 
difficulties which still stand in the way of accurate de- 
terminations of the aerodynamic moments during take— off 
,and landing. There ti another aspect of the matter, how- 
ever, which is considered in what follows* 

The chart in figure 16 show3 the usual data for the 
normal XP32M-1 flying boat and, &t the four speeds for 
which cross plots are drawn, the moments due to 

(1) Thrust - 

Corresponding: to the thrust curve shown. 

(2) liazimum shift of center of gravity - 

Corresponding to 2h feet either way in the 
ship or 18.5 percent of the heaia. (The wing 
i s as sum ed to he sh if t e d wi th the e.g.) 

(0) Maximum elevator deflect ion — 

Assuming Om " °- 4 ( or c Lf B 

A *ma:c aero u 

These are the principal moments; they are additive ( al- 
gebraically), except for the thrust moment, in any desired 
combination* The magnitudes shown are not claimed to have 
precise absolute significance; they are intended only to 
indicate approximate maximums. With this understanding, 
it will bo observed that 

(1) At the lowest speed ( Cy = 2.79), which is about 
at the hump and for Which the power— on case is 
therefore of most interest, the possible effect 
on trim of altering the moment cor oinat ion is 
about 2^° and that 

Any trim within this range is near the trim 
for best resistance;, 



IS 



(2) At the highest speed (Cy = 5.57) the elevator 
moment is so large that, with an t r c omb i nat i on 
of the other two moment s , the trim can "be held 
"between the porpoising limits and at the value 
for "feast resistance 

I- 1 or these two speeds, then (and for all lower and higher 
speeds, respectively) nomont is of secondary interest 
only . However , 

(Z) At the first intermediate speed (Cy = 3*71) M 
the trim for least resistance can be reached 
with .any possible combination of the moments, 
but this trim is less than the lower porpois- 
ing limit, and there are many combinations of 
the moments, particularly in the power—on case, 
with which the maximum trim cannot be made to 
exceed t ho 1 o we r limit. 

Thus, for speeds in the vicinity of this one (a little 
above the hump) moment, though still secondary from the 
point of view of s t e ady— mot i on resistance, takes on pri- 
mary importance from the point of view of porpoising limits. 
These speeds, too, are especially important because in 
accelerated take-off the trim is falling rapidly from its 
peak value near the hump; thus initial disturbances are 
provided to help induce poruoising. 

In general , therefore, moment has to be given more 
consideration in dealing with porpoising than in dealing 
with resistance. But there does not seem to be any great 
nood for a more accurate knowledge of the aerodynamic 
( e 1 e v at or ) m o me n t ; the principal re ou i r a mo nt is to get 
the center of gravity in the most advantageous position. 

Shifting the cent er-ef -gr av it y position is much the 
simplest way to alter the moment combination in an existing 
flying borV, and tests to determine the best position - or 
the limit ing practicable range of posit ons - are ordinarily 
carried cut on a new flying boat. In this case, however, the 
consequences of a shift differ somewhat from those discussed 
in section 3 because the wing is not shifted with the center 
of gravity. Trom the point of view of design, with which 
this paper is primarily concerned, the wing ought usually 
to be shifted when the center of gravity is shifted to avoid 
introducing an additional moment while flying. This was 
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simulated in the experiments which form the "background for 
the present work and allowed for in calculating the nioments 
for the charts in figure 16. When the wing is not shifted, 
the moment is greater, as indicated in the following 
ske t ches : 



L 



L 
A 

J- 



? 

-o 



Wing shifted 
c 



Change moment = (£ 



- L) a 



Di rection 
of motion 



L 

J 
! 

V 



Wing not shifted 
Change moment - A 0 a 



The difference is mentioned bare to avoid possible 
mis under s t adding . 
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MuE I 

mmsumn aitd particulars (nobi.il) for full-size 

FIT IliS BOAT XPB2M-1 AxID ^- -SCALE MODEL 

Dimensions gull size l/30-sc ale model 

Beam at main step, in . . < 152 5.40 

a Angle "between forebody keel and 

"base line, deg 2 >° 2,0 

Angle between afterbody keel and 

base line, deg 5,0 5.0 

Height of main step at keel, in B.l 0+*< 

Center of gravity forward of main 

step (25<56 percent M.A.CO , in ... . TO 2.33 

Center of gravity above base line, in . . 146.7 4.89 

Gross weight, A, lb 1^0,000 5.19 f.w. 

Load coefficient, C A (sea v/ater) . . 0,S c j 

Moment of inertia in pitch, slug : -ft 2 . 1.366 X 10 

. . 6.328 X 10* 260 

Wing span, ft 200 6.67 



Wing area, S, sq ft 3683 4.092 

Mean aerodynamic chord, M.A.C., in ... . 249 8.30^ 
Aspect ratio (geometric) 10.37 10.8/ 



main step, in 230.3 7.68 



Horizontal tail area, &q ft 508 0.565 

Elevator area, sq ft 143 • 7 °- lo ° 

Distance eg. to 35 percent M.A.C. 

horizontal tail (taxi length), ft . . . 63.6 2.12 

Thrust line above base line at 

main step., in 

Thrust line inclined upward to p 

base line, deg 5 - 5 

„ . Full- si 
ratios — r. , ~ — » 
Lodex 

■\ Ma r 477 

Of velocities, A m'rs • 

Of linear dimensions, A 3.0 X j.0 

Of areas, A 2 »-0 * Kl 

Of voltes, X* 27 0 x Oj 

Of moments, A . . . 81.Q J J» 

Of moments of inertia, A «*' u * w 

a See footnote on p. 2S£. 
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TABLE I 

DIMENSIONS AND PARTICULARS (NORMAL) FOR FULL-SIZE FLYING 

BOAT 3CPB2M-1 AND —-SCALE MODEL (Continued) 
30 

Aerodynamic characteristics Full size l/?0- scale model 

C L at t - 5° (relative to case line, 

flaps, 30°) 1.585 1.585 

L at t = 5° . . 6.95 r*t Q \ "7.72 X 10~ 3 v 2 

dC L /dT 0.1045 0.1045 

dL/dT (dz/d6), lb/deg 0.458 v s 3 0.509 x 10" : ' ; -' 



v 



dL/dw (dZ/dw) } lb-sec/ft fs£ V\ . . . . 0.458 v s 0.509 x 1Q~ 3 v 

V It v J 

dCjr, /da B1 = dCw /dT (av.) 0.0150 0.0150 



dI.i CG /dT (dM/dO). lb ft/dej (av.) . . . 1,355 v s 2 5.05 x 10""* v* 

^dii/dq, lb ft sec/radian 8C20 X v s 9.90 X 10"" 3 v 

dSl/dw, lb sec (av.) 78.3 X v s 2.90 x 1C~ 3 v 

, ft/ radian 102,5 3.41 

dlvi/ dw 

f^/li /Tail length, l/ radian 1.61 1.61 

dM/dw 

Get-aray speed, fps 130 23.74 

Get-awav Ct 1.890 1.890 

Get-av?ay T, deg 3.8 8,8 



a All trim angles measured relative to the tase line. 
"^Contribution of horizontal tail surface only, 
c Sub script s is for full size. 
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RADIATING CHART OF VARIABLES 




t J 

"power" of 
second step 

Figure 1«- 

°» no effect on steady- motion resistance characteristics* 
•*» little or no effect on porpoising characteristics. 
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Ckowp r - Weight and inertia loading 
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STABILITY LIMITS vs. A/v 2 AND C A /C$ FOR A 0 ,Z 0 ,Z # 

FOR 

GROSS WEIGHTS, A 0 * 120,000 LBS. 

140,000 LBS 
•60,000 LBS. 
200,000 LBS 

LIFTS AT 7 * 5; Z 0 * 4.63 v« 
Z 0 a 9.24 v« 
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Z., <JL/d7 * 0667 y« 
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Figure 5~ 



STABILITY LIMITS vs. v^/C v FOR A 0 , Z 0 , Z a 
FOR 

GROSS WEIGHTS, A 0 = 120,000 LBS. © 

140,000 LBS. • 

160,000 LBS. » 

200,000 LBS. o , 2 

LIFTS AT 7 = 5°, Zo • 4.63 v* ¥ 

Z 0 ■ 9.24 v« P 

Ze.dL/d^ « 0.344 v* * 

Z e , dL/d7 • 0.667 v* X 
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Fig. 11a 



Afterbody 
angle = 12° 

Stern-post 
angle = 13° 

Abs. forebody 
trim = 13.4° 



Abs. stern-post 
trim = 0.4° 



Afterbody 
angle = 7° 

Stern-post 
angle = 8° 

Abs. forebody 
trim = 8.7° 



Abs. stern-post 
trim = 0.7° 




Afterbody 
angle =4.5° 

Stern-post 
angle = 5.5° 

Abs. forebody 
trim =5.5° 

Abs. stern-post 
trim = 0.0° 




(a) 

Figure 11.- Steady-motion photographs at lower limit, peak of "breakaway". 
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Afterbody 
angle = 12° 

Stern-post 
angle = 13° 

Abs. forebody 
trim = 14.4° 

Abs. stern-post 
trim = 1.4° 



Afterbody 
angle - 7° 

Stern-post 
angle = 8° 

Abs. forebody 
trim = 9.7° 



Abs. stern-post 



trim 



1.7 W 




Afterbody 
angle = 4.5° 

Stern-post 
angle = 5.5° 

Abs. forebody 
trim = 6.5° 

Abs. stern-post 
trim = 1.0° 




( b) 



Figure 11.- Continued. 
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Afterbody 
angle = 12° 

Stern-post 
angle = 13° 

Abso forebody 
trim = 15.4° 

AbSo stern-post 
trim = 2.4° 




Afterbody 
angle = 7° 

Stern-post 
angle = 8° 

Abs. forebody 
trim = 10.7° 

Abs. stern-post 
trim = 2.7° 




(c) 

Figure 11.- Concluded. 
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Fig. 12a 




Afterbody 
angle = 12° 

Stern-post 
angle - 13° 

Abs. fore body 
trim = 15.4° 




Afterbody 
angle = 7° 

Stern-post 
angle = 8° 

Abs. forebody 
trim = 10.4° 




Afterbody 
angle = 4.5° 

Stern-post 
angle = 5.5° 

Abs. forebody 
trim =7.9° 




S&A* = 0.493, y^/Cy = 0.143 



(a) Absolute stern-post trim, 2.4°. 
Figure 12.- Steady-motion photographs at upper limit, moderate planing speed 
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Fig. 12b 




Afterbody 
angle = 12° 

Stern-post 
angle = 13° 

Abs. forebody 
trim = 16.4° 




Afterbody 
angle = 7° 

Stern-post 
angle = 8° 

Abs. forebody 
trim = 11.4° 




Afterbody 
angle - 4.5° 

Stern-post 
angle - 5.5° 

Abs. forebody 
trim = 8.9° 




0.493, /C A /C V = 0.143 



(b) Absolute stern-post trim, 3.4°. 
Figure 12.- Continued. 
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Fig. 12c 
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Stern-post 
angle = 13° 
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trim 
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Afterbody 
angle = 4.5° 

Stern- pos t 
angle = 5.5° 

Abs. forebody 
trim = 9.9° 




(c) Absolute stern-post trim, 4.4°. 
Figure 12.- Concluded. 



NACA 



Fig. 13a 



CP 

i 




Afterbody 
angle - 12° 

Stern-post 
angle = 13° 

Abs. forebody 
trim = 13.2° 
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angle = 7° 

Stern-post 
angle = 8° 



Abs. forebody 
trim = 8.2° 




Afterbody 
angle = 4.5 C 

Stern-post 
angle = 5.5° 



Abs. forebody 
trim = 5.7° 




v£/^~ = 0.146, /C^7c v - 0.0425 



(a) Absolute stern-post trim, 0.2 . 

Figure 13.- Steady-motion photographs at upper limit, high 
planing speeds. 
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Fig. 13b 






Afterbody 
angle = 4. 5° 

Stern-post 
angle = 5.5° 

Abs. forebody 
trim = 6.7° 




(b) Absolute stern-post trim, 1.2 . 
Figure 13.- Continued. 
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Afterbody 
angle = 12° 

Stern-post 
angle - 13° 



Abs. forebody 
trim = 15.2° 




Afterbody 
angle = 4.5° 

Stern-post 
angle = 5.5° 

Abs. forebody 
trim = 7.7° 




(c) Absolute stern-post trim, 2.2°. 
Figure 13.- Concluded. 
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Fig. 14a 




(a) Absolute fore body trim, 15.4° • 



Figure 14.- Steady-motion photographs to illustrate similarity of flow 

patterns at constant values of /t^/Cy obtained with different combinations 
of C A and C v . Afterbody angle, 12°; /C^/C v = 0.144. 




(b) Absolute forebody trim, 16.4°. 
Figure 14.- Continued. 
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Fig. 14c 




Cw = 4.636 



C A = 0.444 




C v = 4.173 



C A = 0.361 




= 3.701 
= 0.285 



(c) Absolute forebody trim, 17.4°. 
Figure 14.- Concluded. 
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